Health risk appraisal (HRA) is a tool for determining health risk factors and motivating individuals to maintain a healthy lifestyle. We performed this study to describe the HRA algorithm and evaluate the accuracy of an HRA program for 10-yr mortality prediction in Korean men. We used data derived from periodic health examinations of 116,927 male public officials and school personnel aged 20 or older. Risk age and the difference between risk age and calendar age were calculated. We obtained the hazard ratio (HR) of 10-yr mortality according to the calculated age difference. Of the 116,927 subjects, 1,900 (1.6%) died during the 10 yr after the 1992 medical examinations. The HR of 10-yr mortality increased significantly with age difference. Compared with the HR in the reference group (age difference below 2 yr), the HR in the group with a 2-to 6-yr age difference was 1.20 (95% confidence interval [CI]: 1.05 to 1.38) and HR in the group with more than 7-yr age difference was 1.35 (95% CI: 1.14 to 1.75). Risk age is a relatively good predictor of 10-yr mortality in Korean men and may be useful in identifying high-risk middle-aged men for health interventions.
INTRODUCTION
A healthy lifestyle plays an important role in lowering all-cause and cause-specific mortality, such as mortality due to heart disease, cancer, or stroke. The combination of smoking, being overweight, lack of physical activity, and poor diet was associated with 55% to 60% of deaths from all causes in several cohort studies (1, 2) . Nevertheless, researchers have found that public awareness of the impact of lifestyle on cancer and heart disease is low (3) (4) (5) .
Unhealthy lifestyle factors such as smoking, alcohol abuse, physical inactivity, and poor diet frequently co-occur, and clustering of multiple risk behaviors can be more harmful to health. Given the increase in efforts to change multiple risk behaviors, methods are needed to quantify and evaluate health behaviors within individuals and population (6) .
One method for evaluating multiple health risks is health risk appraisal (HRA), developed by Alexander (7) . The original purpose of HRA was to educate people about their health risks and change their unhealthy behaviors. HRA uses risk factors identified from various epidemiological studies, such as family history, blood pressure, and smoking habits, to assess an individual's 10-yr mortality risk in the form of "risk age", defined as the age that corresponds to an individual's risk of death within 10 yr.
In 2003, the HRA committee of the Korean Academy of Family Medicine developed an HRA program for Koreans based on domestic epidemiological studies and mortality data (8) (9) (10) (11) . The Korean National Health Insurance Corporation (KNHIC) is a public health insurer that arranges for periodic medical examinations of the insured. Since 1989, most Koreans have been insured by the social health insurance system and encouraged to participate in periodic health examination. However, the overall rate of medical examination is only about 20%, with the exception of public officials and school personnel, for whom the health examinations are mandatory. The KNHIC adopted the HRA program to encourage people to undergo medical examinations and to increase individuals' motivation to change their risk factors.
Though HRA was originally developed as an educational tool, establishing its validity is important if it is to be used for healthcare program planning and evaluation, identifying high-risk populations, and recruiting participants for health promotion programs. Use of HRA in designing benefit plans and managing and evaluating programs will likely continue to increase as organizations seek to control costs.
The purpose of this study was to describe the HRA program of KNHIC and evaluate the predictive accuracy of HRA using periodic health examination data from Korean men. 
MATERIALS AND METHODS
The KNHIC provides health insurance to Koreans and their dependents. All insured workers are recommended to undergo a physical examination once every 2 yr. The HRA program is performed at the same time as the examination, and HRA findings are given to patients along with results of the health checkup.
Development of the HRA program
We developed the HRA program according to the methods of Alexander (7) in the book "SPM handbook of Health Assessment Tools". Though concrete evidence was at first lacking for using the methods, the US Centers for Disease Control and Prevention established the validity of HRA by using the above methods to predict 10-yr mortality (18, 19) .
The top 10 leading causes of death for an individual's age and sex group were identified according to the Korean death statistics by cause (103 items), sex, and age in 2000. We especially focused on common, but important and preventable diseases among identified causes of death. Table 1 represents the disease selection process in defining the HRA program.
Insured individuals are recommended to undergo standardized health examinations every 2 yr at local hospitals. Participants in the study reported their family histories of stroke, cardiovascular disease, diabetes, and hypertension as well as their own alcohol consumption, smoking habits, and exercise frequency. Examiners recorded height, weight, and blood pressure while subjects were wearing light clothing. Serum glucose and total cholesterol levels were obtained after a 12-hr fast. Each hospital followed internal and external quality control procedures in accordance with the Korean Association of Laboratory Quality Control. We selected risk factors from the national health examination data because HRA was developed for complementary presentation in health examination result counseling. Risk factors were body mass index (kg/m 2 ); smoking; drinking; lack of exercise; family history of stroke, cardiovascular disease, or diabetes; and elevated blood pressure, serum glucose, or cholesterol levels.
We then searched relative risks of risk factors in each cause of death. A systemic search of literature from January 1990 to 2005 on relative risks of each factor was performed by the HRA committee of the Korean Academy of Family Medicine. We searched cohort studies, systemic reviews, and meta-analyses between risk factors and causes of death through MEDLINE, EMBASE, Web of Science, KoMCI, KoreaMED, Korean Medical Database, and Korean studies Information Service System. We gave priority to Korean cohort studies, but if we could not find the relative risks in domestic studies, we searched other cohort studies or case control studies. It took 4 months for seven family physicians to search and review relative risk of risk factors on each causes of death. Table 2 shows a sample of an identified risk factor and its relative risk.
Total mortality risk and cause-specific mortality risk per 100,000 were arranged by sex and age according to Korean death statistics in 2003. This is called Geller-Gesner table, which compiles the average 10-yr mortality rates for leading causes of death. The reference population for the HRA was an average age-and sexmatched Korean population, so reference state was not always ideally healthy. For example, if a 45-yr-old man is a 10 pack year smoker, then his relative risk for developing ischemic stroke is 2.2 compared with a nonsmoking 45-yr-old man. If his risk is compared with the population average risk in 45-yr-old men and the average smoking prevalence in the population is 69.3%, then his standardized risk is 1.01. The standardized risk is calculated by log transformation of relative risk and setting the average population risk to zero (10) . Prevalence of each risk factor was derived from the Korea National Health and Nutrition Examination Survey in 2001. If the standardized risk of each risk factor was lower than 1.0, then it was multiplied to yield a composite risk ratio. If the standardized risk was greater than 1.0, 1.0 was subtracted from standardized risk to yield composite risk ratios. In the example presented in Table 3 , if a man is a hepatitis B antigen carrier, but negative for the hepatitis C antibody, and drinks 30 g per day of alcohol, each risk ratio is as follows: 1.82, 0.98, and 1.82. His composite risk ratio is calculated by (1.82-1) + 0.98 + (1.82-1) = 2.62.
The 10-yr predicted risk of mortality was calculated for each leading cause of death by multiplying the individual's relative risk by the population's average risk as presented in Table 3 . Probabilities were then summed to yield the total risk of dying during the next 10 yr, which was called appraised risk (12) . Appraised risk is the 10-yr predicted mortality risk, presented as the number of deaths per 100,000 persons. If data on important risk factors, such as being a carrier of hepatitis B viral antigen for liver cancer, were needed to calculate appraised risk but were not available, the HRA program assigned population norms.
Health examination findings are presented by risk age and modifiable age. Risk age was defined as the age of the average population with the same total appraised risk as an individual's appraised risk calculated by HRA program. To arrive at risk age, an individual's appraised risk was compared with the population average risk for the same age and sex. If the appraised risk equaled the population average, then the risk age was the same as the calendar age. A higher appraised risk yielded an older risk age, and a lower appraised risk yielded a younger risk age. The age difference was calculated from risk age minus calendar age.
Modifiable age was defined as achievable risk age by modifying risk factors. For example, if a 45-yr-old man is a smoker, his risk age calculated by the HRA program would be 48 yr, an age difference of 3 yr older. If he quits smoking, his modifiable age could be 43 yr, 2 yr less than his calendar age. HRA motivates people to change their unhealthy behaviors and to stay young by giving risk age and modifiable age.
Study population
We used periodic health examination data obtained in 1992 from 121,261 male public officials and school personnel ages 20 to 63 yr-a large enough sample to calculate risk age. We excluded female participants because women ages 20 to 29 yr accounted for 52% of all female participants and because the number of women who smoked or drank alcohol was too small for statistical analysis. Also the most common cause of death in young women was suicide, and its risk factors are stressful life events, depression, or family history of mental illness, which were not available in our data.
HRA is usually intended to be used in persons without acute disease or uncontrolled chronic illness. However, information on disease status was not available in this study, thus we excluded subjects with laboratory data that were objectively assessed to indicate the possibility of acute or uncontrolled chronic disease. Exclusion criteria were total cholesterol level above 300 mg/dL (13), fasting blood glucose level above 250 mg/dL (13), systolic blood pressure above 180 mmHg, and diastolic blood pressure above 110 mmHg (14) . Among 121,262 men, 4,335 men were excluded by the above criteria. A total of 116,927 men were included in the final analysis.
Prediction of 10-yr mortality by risk age
We calculated the predicted 10-yr mortality risk and risk age for each individual from data gathered during the 1992 periodic health examinations. The following age groups were used: 20 to 29 yr, 30 to 39 yr, 40 to 49 yr, 50 to 59 yr, and 60 yr or more. To determine whether risk age was a good predictor of mortality, we calculated age differences using the difference between individual risk age and 1992 calendar age. If the age difference was 0, the person was considered to have average risks compared with the same age and sex population. If the age difference was positive, the person had higher risks than the average population.
Age differences were also categorized as follows: 2 yr or less, 2 to 6 yr, and 7 yr or more. Actual mortality data were linked with health checkup data using national mortality statistics in 2002 (15) and identification numbers were deleted so we could assess de-identified data.
Statistical analysis
To identify predictors of death, Cox proportional hazards analysis was performed, and if variables achieved a P value < 0.10 on univariate analysis, they were tested in a stepwise multiple regression model with 95% confidence intervals (CIs). All analyses were performed using SPSS for Windows (Version 11.0, SPSS Inc., Chicago, IL, USA), and P < 0.05 was considered statistically significant.
Ethics statement
This study was exempted from review by the institutional review board of the Seoul National University Bundang Hospital (B-0604/032-021) because researchers only accessed a de-identified database that included age, sex, health checkup examination results, and death date with diagnosis of cause of death.
RESULTS
Of the 116,927 subjects in the study, 1,900 (1.6%) died in the 10-yr period following the 1992 medical examinations. Mean (standard deviation [SD]) age for the total study population was 40.2 (9.5) yr, and the average age difference was -0.1 (4.1) yr (i.e., calendar age was greater than risk age). High percentages of the population had alcohol problems (43.2%) or smoked (60.5%). Only 26% of the total population engaged in regular exercise. Mean body mass index was 23.2 (2.5). Table 4 shows the differences in risk factors between subjects who remained alive after 10 yr (live subjects) and subjects who died within that time (dead subjects). Mean age in the latter group was 47.2 (10.1) yr, significantly higher than that of the former group, whose mean age was 40.1 (9.5) yr. Blood pressure, serum glucose level, and total cholesterol level were also slight- ly higher in the group of dead subjects, but the differences were clinically insignificant. Health behavior risk factors such as smoking, heavy drinking, and lack of exercise showed similar distributions, but the differences were statistically significant. Table 5 presents the results of the Cox hazard regression analysis relating the likelihood of death to increasing age and age difference. The table shows the distribution of risks (hazard ratio [HR]) of death adjusted by risk factors associated with mortality. The reference group had the lowest age difference (less than 2 yr).
Compared with the referent group, HR in the group with an age difference of 2 to 6 yr was 1.20 (95% CI: 1.05 to 1.38) and HR of age difference group more than 7 yr was 1.35 (95% CI: 1.14 to 1.75). As age difference increased, there was increased tendency of HR for 10-yr mortality (P = 0.015).
DISCUSSION
Studies focusing on the validity of HRA have concentrated on the ability of HRA to accurately predict death within the next 10 to 20 yr (16-21). Thus, a focus is placed on the accuracy of the algorithms used. These algorithms depend on three sources of data: death certificate data for establishing the average probability of each cause of death for every combination of age and sex, epidemiological and clinical data for assigning values to risk factors, and respondents' self-reports of risk factors (16) .
In this study, we found that predicted mortalities were independently associated with actual mortalities in Korean men. When the age difference increased, the HR of 10-yr mortality also increased significantly. These results suggest that age differences can be useful for placing people in risk categories. This idea is reflected in findings of the Tecumseh Community Health Study (19) , in which 3,135 persons were followed from 1959 to 1974. The authors classified individuals into one of five categories, defined by taking the 1959 calendar age and subtracting the calculated risk age (which is the reverse of our age difference). The five categories were +2 to +5, -1 to +1, -5 to -2, -10 to -6, and less than -10. The percentages of women who died within 20 yr in these five categories were 3.0%, 2.8%, 8.9%, 15.5%, and 30.5%, respectively; and the percentages of men were 0.0%, 2.8%, 9.8%, 29.0%, and 36.2%. In our study, HRA was also found to accurately classify individuals into appropriate categories. We also performed sensitivity analysis in grouping age differences and the results showed no significant differences in predicting 10-yr mortality. But trends in hazard ratio showed a better correlation with mortality for the groups with less than 2 yr, +2 to +6 yr, and more than 6 yr age differences.
HRA tended to underestimate actual risk in another study (16) , which compared HRA mortality prediction derived from six populations and found that although the HRA program predicted better than chance, it underestimated actual mortality.
Other studies indicated that the HRA program is more accurate for predicting future events than age, sex, or race tables (18, 19) .
In our study, age difference was not different between live and dead subjects. The HRA program was designed to screen high risk groups within a population and motivate individuals to change their risk behaviors. Most people had the same risk age with calendar age, and its difference was negligible in most people. But in the high risk group with more than 2 yr age difference, HRA program was a relatively good predictor of actual mortality.
A recent study showed that if risk age by the HRA program is lower, health-related quality of life is better among middle-aged men (22) . Consequently, the HRA program can also be used as an indicator of health-related quality of life.
When investigating the accuracy of HRA, the validity of selfreported risk factors should be considered. A number of studies have assessed the validity of self-report questionnaire data (23, 24) . Self-reported physical activity levels have been found to show good correlation with physiological measures of maximal oxygen consumption and energy expenditure (25) , especially metabolic equivalent values of 6 or more and vigorous activity. Moreover, cotinine analysis of urine among the US Navy recruits showed only a 1% discrepancy with self-reported smoking status (26) .
Another study found good correlations between self-reported risk scores for cigarette smoking and relative weight but found that reports on physical activity, blood pressure, and cholesterol were frequently inaccurate (21, 27) . Our study depended on a self-report questionnaire for smoking, alcohol consumption, and exercise data, but objective laboratory data were used for height, weight, blood pressure, fasting blood glucose, and cholesterol.
Limitations of our study are as follows. The HRA program was created in 2003 and uses 10-yr mortality for computing risk age. To perform validity testing with available data, we had to use 1992 health examination data and death statistics until 2002, which did not exactly reflect causes of death or relative risks. We searched trends of changing causes of death in 1992 and 2003 by Korean death statistics. The greatest surge was seen in coronary heart disease, which increased by 58% during the 11 yr. Also, lung cancer showed a 48% rate of increase. On the other hand, cerebrovascular disease showed a slight decline (17%) during the same period. Consequently our HRA program possibly overestimated risk age. Further, we used a limited occupational group because data from other population were not available. This could affect generalizability of the study. Additionally, our data did not include disease status or medical care data, and thus we were unable to exclude individuals with chronic disease, although we excluded those with extreme laboratory values.
We also excluded female participants because the questionnaire used was limited in terms of women's mortality risk fac- tors (e.g., it did not include questions about menstrual history, family history of breast cancer, or use of oral contraceptives). Pregnancy can affect women's mood and cognition, which can in turn affect fetal health (28) . In particular, women's motivation for healthy behaviors needs to be evaluated with a psychosocial appraisal because this part of health differs from men's health risk (29) . Thus, risk factors concerning the health and diseases of women, adolescents, and the elderly should be addressed in HRA questionnaires before studies on HRA validity in these population groups are conducted. Moreover, this should be linked to the development of a comprehensive HRA program for Koreans.
Continued development of technology and feedback concerning behavioral changes will be necessary before HRA can reach its full potential. Also required will be efforts to study HRA's effectiveness in health promotion, in predicting health-care costs, and as an indicator of health-related quality of life.
In conclusion, risk age calculated in the KNHIC HRA program is a relatively good predictor of 10-yr mortality in Korean men and may be a useful tool for identifying high-risk middle-aged men for health interventions. Further efforts will be needed to develop a comprehensive HRA program and establish its validity.
